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INTRODUCTION 



This Brief is filed in support of Appellants’ Notice of Appeal filed February 17, 2010, 
appealing from the final Office Action mailed January 27, 2010. 
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Real Party in Interest 

The real party in interest in this Appeal is Seagate Technology LLC of Scotts Valley, 
California, the assignee of record and owner of the entire right, title, and interest in the application. 
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Related Appeals and Interferences 

There are no prior or pending appeals, judicial proceedings or interferences known to 
Appellants that are related to, will directly affect or be directly affected by, or have a bearing on the 
Board’s decision in this Appeal. 
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Status of Claims 

I. Claims 

A. Claims in the application: 

B. Total number of claims in the application: 

n. Status of Claims 

A. Claims canceled: 

B. Claims allowed: 

C. Claims rejected: 

D. Claims withdrawn: 

E. Claims objected to: 

F. Pending claims: 

IE. Claims on Appeal 

A. Claims on appeal: 

B. Total claims on appeal: 
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1-3,5-12, 14-16, 18-20,26-32 
24 

4, 13, 17, 21-25 
-None- 

1-3,5-12, 14-16, 18-20,26-32 
-None- 
-None- 

1-3,5-12, 14-16, 18-20,26-32 

1-3,5-12, 14-16, 18-20,26-32 
24 
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Status of Amendments 

No amendments have been made to the claims following the final Office Action 
mailed January 27, 2010, in which claims 1-3, 5-12, 14—16, 18-20 and 26-32 were rejected. The 
status of the claims is as amended December 3, 2009, following the non-final Office Action mailed 
September 3, 2009. 




First Named Inventor: Joseph H. Sassine 



-7- 



Application No.: 10/788,863 



Summary of Claimed Subject Matter 

The present invention relates to a head suspension assembly for a disc drive, where 
the suspension assembly uses a damping material to reduce high frequency vibration. Application, 
U.S. Pub. No. 2005/0190502, ( ][ 2. An exemplary disc drive 10 is shown in FIG. 1 (below), with 
voice coil motor 12 to rotate actuator arm 16 about spindle axis 14. Suspension assembly 18 
connects to actuator arm 16 at mounting block 20. Gimbal assembly 22 connects to the distal end of 
suspension 18 and carries slider 24 with a transducing head for reading and writing data on 
concentric tracks 29 of disc 27. Id., 1 16. 




FIG. 1 of the Application 
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FIG. 2 of the Application 



An exemplary suspension assembly 18 is shown in FIG. 2 (above), with beam 
component 30 spanning longitudinal range “a,” hinge component 34 spanning range “b” and gimbal 
component 36 spanning range “c.” Id . , 'f 17. Hinge 34 attaches to the rear of beam 30 at points 38, 
39, and stacks on baseplate 32 with connecting points 35, 37. Baseplate 32 has mounting hole 33 for 
attaching assembly 18 to actuator arm 16 (FIG. 1). Gimbal 36 attaches to the front of beam 30 at 
points 41, 42 and connects to slider assembly 24 (FIG. 1). Id., fi 17-19. 

Independent claim 1 recites a head suspension assembly [18] comprising a beam 
component [30] having a front end and a rear end, a hinge component [34] near the rear end of the 
beam component [30] for connecting to an actuation arm [16], and a gimbal component [36] near the 
front end of the beam component [30] for carrying a transducing head. At least one of the hinge [34] 
and gimbal [36] is separately made and attached to the beam [30]. Id ., ']['][ 30, 32. 

The hinge [34] comprises a first structural damping material and the gimbal [36] 
comprises a second structural damping material. Id . , ( ][ ( ][ 5, 8-10, 20-24, 25, 27, 28. The structural 
damping materials have a modulus of elasticity greater than approximately 10 gigapascals (GPa) and 
a damping capacity (£, “zeta”) greater than approximately 0.02 in a vibration mode having a 
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frequency between about 6,010 Hz and about 22,650 Hz. Id., ( | ( ][ 34, 40. Damping capacity L, is 
related to the logarithmic decrement (8, “delta”) by C, = 8/271. Id . , ( ][ ( ][ 34-36; see also ff 4, 22, 26, 27. 



TABLE 1 





Units 


Baseline 

Design 


High Damping 
Design 


First bending 


Hz 


6237 


6010 


First torsion 


Hz 


9027 


9976 


Second bending 


Hz 


14534 


12150 


Second torsion 


Hz 


22959 


22650 


Sway 


Hz 


19495 


18645 


Gimbal First bending 


Hz 


13527 


7886 


Gimbal first torsion 


Hz 


14050 


8490 


Spring rate 


gram-force/in 


52 


56 


Pitch stiffness 


;wNm/deg 


0.75 


0.4 


Role stiffness 


;wNm/deg 


0.83 


0.38 



Table 1 of the Application 



Vibration modes of interest are disclosed in Table 1 and FIGS. 3 and 4. Table 1 
(above) compares finite-element (FE) simulation results for the invention (high damping design) and 
a baseline design at mode frequencies from about 6,010 Hz to about 22,650 Hz. Id., ffl 48-51. 




FREQUENCY (Hz) 



FIG. 3 



FIG. 3 of the Application 
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FIG. 3 (above) and FIG. 4 (below) also show FE simulation results for a baseline 
design (solid line) as compared to the high damping design of the invention (dashed line). In 
particular, FIG. 3 shows out-of-plane displacement resulting from bending or torsion mode 
vibrations, where the vibration mode frequencies range from about 6,000 Hz to about 10,000 Hz. 
FIG. 4 shows off-track gain resulting from sway mode vibrations, where the vibration mode 
frequencies range from about 18,000 Hz to about 22,500 Hz. 




Claim 2 recites the head suspension assembly [16] of claim 1, where the first and 
second structural damping materials have a modulus of elasticity greater than approximately 30 GPa 
in a vibration mode having a frequency between about 6,010 Hz and about 22,650 Hz. Id . , ( j[ ( j[ 34, 40; 
see also fj[ 4, 22, 26, 27; Table 1; FIGS. 3, 4. 

Claim 3 recites the head suspension assembly [16] of claim 1, where the first and 
second structural damping materials are substantially identical in composition. Id . , '][ 25. 

Claim 5 recites the head suspension assembly [16] of claim 1, where the hinge 
component [34] applies a preload on the transducing head through the beam component [30]. 
Id. A \29. 
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Claim 6 recites the head suspension assembly [16] of claim 1, where the entire hinge 
component [34] is substantially made from the first structural damping material only. Id., ( ][‘][ 20, 
21,30. 

Claim 7 recites the head suspension assembly [16] of claim 1, where the entire 
gimbal component [36] is substantially made from the second structural damping material only. 
Id . , H 24, 25,30. 

Claim 8 recites the head suspension assembly [16] of claim 1, where the hinge 
component [34] has no external structural damping material attached thereto. Id . , l ][ l ][ 30, 50. 

Claim 9 recites the head suspension assembly [16] of claim 1, where the first 
structural damping material has a modulus of elasticity greater than approximately 50 GPa in a 
vibration mode having a frequency between about 6,010 Hz and about 22,650 Hz. Id., f][ 34, 40. 

Claim 10 recites head suspension assembly [16] of claim 1, where the second 
structural damping material has a modulus of elasticity greater than approximately 50 GPa in a 
vibration mode having a frequency between about 6,010 Hz and about 22,650 Hz. Id., fj[ 34, 40. 

Claim 11 recites the head suspension assembly [16] of claim 1, where the first 
structural damping material is an alloy. Id., fl 8, 41-43. 

Claim 12 recites the head suspension assembly [16] of claim 1, where the first 
structural damping material is a laminate comprising a stainless steel layer and a damping material 
layer. Id., fj[ 8, 41, 45-47. 

Claim 14 recites the head suspension assembly [16] of claim 1, where at least one of 
the hinge component [34] and the gimbal component [36] is attached to the beam component [30] 
through an adhesive. Id., 1 J[ 32. 

Claim 15 recites the head suspension assembly [16] of claim 1, where at least one of 
the hinge component [34] and the gimbal component [36] is attached to the beam component [30] by 
welding. Id., ff 32, 33. 

Claim 26 recites the head suspension assembly [16] of claim 1, wherein the first 
structural damping material is a composite. Id., ( ][ ( ][ 40, 41, 44, 45, 47. 
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Claim 32 recites the head suspension assembly [16] of claim 1, wherein the second 
structural damping material is an alloy. Id., ( ][ ( ][ 8, 4 1 — 43 . 

Independent claim 16 recites a head suspension assembly [16] comprising a beam 
component [30] having a front end and a rear end, a hinge component [34] for connecting to an 
actuation arm [16] and a gimbal component [36] near the front end of the beam component [30] for 
connecting to a slider assembly [24] carrying a transducer. The hinge component [34] is separately 
made and attached to the rear end of the beam component [30] . Id. , 30, 32. The hinge component 

consists essentially of a first structural damping material having a modulus of elasticity greater than 
approximately 10 GPa and a damping capacity greater than approximately 0.02 in a vibration mode 
having a frequency between about 6,010 Hz and about 22,650 Hz. Id.,ff 34, 40; see also ‘H 4, 22, 
26, 27; Table 1; FIGS. 3, 4. 

Claim 18 recites the head suspension assembly [16] of claim 16, where the first 
structural damping material is an alloy. Id . , H 8, 41—43. 

Claim 19 recites the head suspension assembly [16] of claim 16, where the gimbal 
component [36] comprises a second structural damping material having a modulus of elasticity 
greater than approximately 10 GPa and a damping capacity greater than approximately 0.02 in a 
vibration mode having a frequency between about 6,010 Hz and about 22,650 Hz. Id . , f][ 34, 40; see 
also ff 4, 22, 26, 27; Table 1; FIGS. 3, 4. 

Claim 20 recites the head suspension assembly [16] of claim 19, wherein the first 
structural damping material and the second structural damping material are substantially identical in 
composition. Id., 1 1(25. 

Claim 27 recites the head suspension assembly [16] of claim 16, wherein the first 
structural damping material is a laminate comprising a stainless steel layer and a damping material 
layer. Id.,ff 8,41,45-47. 

Claim 28 recites the head suspension assembly [16] of claim 16, wherein the first 
structural damping material is a composite. Id . , ( ][ ( ][ 40, 41, 44, 45, 47. 

Claim 29 recites the head suspension assembly [16] of claim 19, wherein the second 
structural damping material is an alloy. Id . , ( ][ ( ][ 8, 4 1 — 43 . 
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Claim 30 recites the head suspension assembly [16] of claim 19, wherein the second 
structural damping material is a la mi nate comprising a stainless steel layer and a damping material 
layer. Id., fl 8, 41, 45-47. 

Claim 31 recites the head suspension assembly of claim 19, wherein the second 
structural damping material is a composite. Id., ® 40, 41, 44, 45, 47. 
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Grounds of Rejection to be Reviewed on Appeal 

On this Appeal, the following grounds of rejection are to be reviewed, as raised in the 
final rejection mailed January 27, 2010. 

Whether claims 1-3, 5-12, 14—16, 18-20 and 26-32 are unpatentable under 
35 U.S.C. § 103(a) as obvious over Arya et al., U.S. Patent No. 6,785,094 in view of Sutton 
et al., U.S. Patent No. 5,965,249 and Takagi et al., U.S. Pub. No. 2001/0008475. 
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Argument 

In the final Office Action mailed January 27, 2010, claims 1-3, 5-12, 14-16, 18-20 
and 26-32 were rejected under 35 U.S.C. § 103(a) as unpatentable (obvious) over Arya et al., U.S. 
Patent No. 6,785,094 (Arya), in view of Sutton et al., U.S. Patent No. 5,965,249 (Sutton) and Takagi 
et al., U.S. Pub. No. 2001/0008475 (Takagi), Appl. No. 09/793,410, abandoned. Based on the 
amendments of record and the arguments herein, each of claims 1-3,5-12, 14-16, 18-20 and 26-32 
is nonobvious under 35 U.S.C. § 103(a), and should be allowed. 

1. Cited Art 

a. Arya et al., U.S. Patent No. 6,785,094 

Arya discloses a weld-free high performance laminate suspension assembly designed 
to carry a slider for a magnetic data storage device. The suspension assembly is formed from a 
composite laminate with five layers. A removal process such as partial chemical etching is used to 
define a mount plate, a hinge, a load beam and an electrical lead system. The structure may be also 
formed with a flexure gimbal system comprising the third, fourth and fifth layers. Arya, Abstract. 

According to Arya, disk drive suspensions must be compliant to facilitate proper gram 
loading but should be relatively stiff in the direction parallel to the disk surface to prevent sway, with 
sufficient torsional stiffness to prevent rotational misalignment. The suspension must also have good 
dynamic characteristics to prevent unwanted vibration and flutter, and resonance at critical dynamic 
frequencies can induce unwanted torsion, sway and bending. Dynamic design considerations are 
particularly acute at increased recording density. Arya, col. 1, lines 46-54. 

Arya teaches that disk drive suspensions have historically been formed by welding 
stainless steel elements to form a mount plate, hinge, flexure and load beam. The disadvantage is 
that welding requires additional fixturing and processing steps, introducing additional alignment 
tolerance. Welding also tends to reduce available real estate for piezoelectric milliactuators and 
other components, and thermal distortion at the weld points leads to flatness variations and flutter. 
Freely vibrating lengths between the weld points also contribute to dynamic flutter, and to mode 
gains at critical frequencies. Accordingly, what would be particularly desirable is a suspension that 
is substantially, if not completely, weld-free in its construction. Arya, col. 1, line 65 - col. 2, line 28. 
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Arya addresses these problems by forming a weld-free suspension from a composite 
laminate structure with five layers. A suitable process such as chemical etching is used to define a 
mount plate, a hinge, a load beam functional end, and an electrical lead system. A flexure gimbal 
system can also be formed, which may include a slider attachment area. Arya, col. 2, lines 32-59. 

2 -x 




Arya’s FIG. 2 (above) and FIG. 3 (below) show disk drive 2 with base casting 4, 
cover 5, spindle drive motor 6 and drive spindle 8 carrying a stacked array of magnetic disks 10. 
Actuator 12 rotates about pivot shaft 14, and actuator arms 16 carry flexible suspensions 18. 
Suspensions 18 support air-bearing sliders 20 with read/write transducers 22. Transducers 22 are 
positioned to read and write data by using voice coil motor winding 24 and motor magnets 25 to 
pivot actuator 12 about shaft 14. Actuator arms 16 sweep suspensions 18 across the disk surfaces, 
moving sliders 20 with transducers 22 generally radially from one concentric data track to another. 
Arya, col. 3, line 47 - col. 4, line 25. 

Disks 10 spin up when disk drive 2 is powered on, causing an upward air-bearing 
force to develop between the disk surfaces and sliders 20. This is counteracted by a downward gram 
loading force provided by suspensions 18, enabling transducers 22 to fly above the disk surfaces. 
Data on disks 10 are read by transducers 22 andreadback signals are sent to disk drive controller 26. 
Controller 26 also generates write signals, which are delivered to transducers 22 for writing data onto 
disks 10. Arya, col. 4, lines 26-52. 
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FIG. 6 (below) illustrates a method for manufacturing suspension 18 of FIGS. 2 and 3 
from a composite laminate structure. The laminate includes first layer 32, second layer 34, third 
layer 36, fourth layer 38 and fifth layer 40. Arya, col. 4, lines 53-57. 




First layer 32 is a main load bearing layer for a mount plate and load beam functional 
end, and is preferably made from structural load bearing materials including stainless steel, copper, 
and glass/ceramic materials. Second layer 34 functions as an electrically insulating or conductive 
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(ground plane) layer or a damping layer, and is preferably made from electrically insulating or 
conducting materials or damping materials including polyimides, copper, aluminum, and viscoelastic 
polymers. Third layer 36 functions as a principal load bearing layer for a flexure, and is preferably 
made from structural load bearing materials including stainless steel and copper. Fourth layer 38 
functions as a flexure insulative layer or a damping layer and is preferably made from electrically 
insulating materials or damping materials including polyimides and viscoelastic polymers. Fifth 
layer 40 functions as a flexure electrical lead layer and is preferably made from electrically 
conducting materials. The laminate structure can be formed from prefabricated, roll-formed sheets, 
from layers of polymeric material coated in liquid form onto adjacent metal layers, or using a 
conventional lamination process. Arya, col. 4, line 57 - col. 5, line 47. 




FIG. 7 of Arya 



As shown in FIG. 7 (above) and FIG. 8 (below), suspension 100 includes mount 
plate 102 adapted for mounting to an actuator arm. Mount plate 102 acts as a rigid load bearing 
structure and comprises at least first layer 32, second layer 34 and third layer 36, which impart 
strength and rigidity. In one embodiment, first layer 32 is made from stainless steel, second layer 34 
is made from a viscoelastic damping material and third layer 36 is made from stainless steel or 
copper. Mount plate 102 could also comprise one or both of fourth layer 38 and fifth layer 40, but 
these layers would not be relied on for structural properties and would usually be present as a matter 
of manufacturing convenience. The electrical lead system may also be carried across the mount 
plate 102. Arya, col. 5, line 48 - col. 6, line 15. 
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Attachment aperture 104 is formed by a process such as chemical etching, in order to 
attach suspension 100 to an actuator arm using a swage or rivet connector. Mass reducing 
pockets 106 are formed by removing all or part of first layer 32 at selected locations. Hinge 108 is 
formed adjacent to mount plate 102 by removing all or part of first layer 32 and second layer 34. 
Third through fifth layers 36, 38, 40 are preferably left intact, with third layer 36 acting as a load 
bearing member, preferably made from stainless steel or copper with good bending compliance to 
facilitate gram loading. Fourth and fifth layers 38 and 40 provide electrical lead connections to and 
from the transducer 22. Arya, col. 6, lines 16-40. 




Load beam functional end 110 is formed adjacent to hinge 108, opposite mount 
plate 1 02, and acts as a stiff load bearing structure that carries electrical lead elements . Functional 
end 110 comprises at least third layer 36, fourth layer 38 and fifth layer 40, and preferably first and 
second layers 32 and 34. Third through fifth layers 36, 38, 40 of functional end 110 support slider 20 
and carry electrical signals to and from transducer 22. In some embodiments, third layer 36 is made 
from stainless steel, fourth layer 38 is made from a polyimide material and fifth layer 36 is made 
from copper. 1 Third layer 36 could also be made from copper to define a ground plane. Arya, col. 6, 
lines 41-65. 

First layer 32 is preferably made from stainless steel, copper or a glass/ceramic 
material and imparts additional structural stiffness. Second layer 34 is preferably made from 
aluminum, copper, a polyimide or a viscoelastic damping material and provides additional properties 



Sic. Presumably refers to fifth layer 40. 




First Named Inventor: Joseph H. Sassine Application No.: 10/788,863 

- 20 - 

according to the material selected. Functional end 110 may also be configured with one or more 
mass reducing pockets 112 formed by removing all or part of third layer 36 or first layer 32 (if 
present) at selected locations, using a process such as partial chemical etching. Arya, col. 6, line 66 - 
col. 7, line 14. 

An electrical lead system is formed on suspension 100 by selectively patterning fifth 
layer 40, which is preferably made from an electrical conductor such as copper, to define electrical 
lead traces 1 14 connecting to transducer 22. Traces 1 14 are defined by first portions 1 16 of fifth 
layer 40, where partial chemical etching can be used to remove second portions 118 and electrically 
isolate first portions 116. Arya, col. 6, lines 15-25. 

Functional end 110 can also be configured with flexure gimbal system 120, which 
extends to the right of line A-A and carries slider 20 and transducer 22 in a gimbaled support 
arrangement. Flexure gimbal system 120 is created by selectively patterning third layer 36 to form 
structures including slider attachment area 122 at the intersection of gimbaling flexure members 124 
and 126. Arya, col. 6, lines 26-36. 

Slider attachment area 122 and gimbaling flexure members 124 and 126 can be 
formed using three partial etch processes. Initially, suspension 100 is partially etched to remove 
portions of first and second layers 32 and 34 to the right of line A-A, clearing space for etching 
flexure gimbal system 120 in third layer 36. Suspension 100 is then etched to remove portions of 
fourth and fifth layers 38 and 40 to the right of the line A-A, which are not associated with electrical 
lead traces 114. Third layer 36 is then etched to create openings 128, 130 and 132, defining 
gimbaling flexure members 124 and 126 as a T-shaped structure in third layer 36. Arya, col. 6, 
lines 37-55. 

Slider attachment area 122 at the intersection of flexure members 124 and 126 
provides a mounting structure for supporting slider 20 in a gimbaled arrangement. When flexed, 
flexure members 124 and 126 tend to pivot slider attachment area 122, allowing the slider 20 to pitch 
and roll during drive operation. Load/unload tang 140 could also be formed at the right hand end of 
suspension 100, preferably after formation of flexure gimbal system 120. Arya, col. 6, lines 56-67. 
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b. Sutton et al., U.S. Patent No. 5,965,249 

Sutton discloses a composite damping material achieved through the entrapment of 
highly viscous damping fluids within the pores of a porous material such as an expanded polymer, 
felt, foam, fabric or metal. Sutton teaches applications including airplanes, automobiles, space 
structures, machine tools, sporting goods, disk drive components, electrical components and cables. 
Sutton, Abstract. 

According to Sutton, damping losses are quantified in terms of Young’s moduli or 
dynamic shear moduli. The dynamic storage modulus is proportional to the amplitude of the stress 
response resulting from a sinusoidal strain, where the strain may be either shear or elongational 
depending on whether the shear modulus or Young’s modulus is desired. The loss modulus is 
proportional to the amplitude of the stress response resulting from the sinusoidal strain rate, and the 
ratio of the dynamic shear loss modulus to the dynamic shear storage modulus (or dynamic Y oung’ s 
loss modulus to dynamic Young’s storage modulus), is referred to as tan(S), as defined a particular 
oscillation frequency. The magnitude of the loss modulus quantifies viscous-like resistance to 
deformation while tan(8) quantifies the relative magnitude of this resistance to elastic response. 
Sutton, col. 1, lines 35-54. 

Sutton also teaches that improved damping characteristics are commonly achieved at 
the expense of other desired properties, and that fundamental limitations exist on the damping 
performance of articles with good mechanical stability. In particular, Sutton teaches that internal 
loss is correlated with cold flow, and increasing the damping properties beyond a given point often 
leads to the inability to maintain shape, even under the in f luence of gravity. Sutton, col. 2, line 58 - 
col. 3, line 5. 

Sutton’s invention relates to a vibration damping article comprised of a porous 
scaffold to provide mechanical stability and a material which is mechanically unstable with respect 
to cold flow but which provides high viscous loss characteristics. Sutton, col. 2, lines 5-9. In 
particular, Sutton’s objectives are met by a composite film, sheet or tube comprised of a high 
dynamic loss viscoelastic material filled into the pores of a porous polymer, ceramic, glass or metal 
substrate. Porous polymer substrates include fluorinated organic polymers, polyamides, polyolefins, 
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polyurethanes, polyethylene, PVC and cellulose acetate. Porous ceramics include porous sintered 
silicas, carbides and aluminas. Porous metal substrates include sintered porous aluminum and 
stainless steel. The viscoelastic components include polymer resins, fluorocarbons, polyurethanes, 
acrylics, silicones, polyisobutylenes and waxes. Sutton, col. 4, line 33 - col. 5, line 40. 




In one embodiment, viscoelastic damping material 1 is entrapped within the closed 
cells of porous material 2 as shown in FIG. 1 (above). Provided diffusion is negligible and porous 
backbone 2 is stable, damping component 1 is fully entrapped within the composite, preventing cold 
flow. Provided the closed cell structure is comprised of a sufficiently rigid porous material 2, 
deformation of the composite structure results in deformation of damping component 1, and the 
desired damping response is achieved. Sutton, col. 10, lines 35^48. 

In open cell porous substrates, binding is accomplished by a number of means. In one 
such embodiment, small drop 3 of a viscoelastic damping fluid 1 is constrained within scaffold 4 of 
substrate material 2, as shown in FIG. 2 (below). In this example the composite material is stable 
with respect to cold flow by virtue of the mechanical integrity of the porous matrix, and capillary 
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forces trap damping material 1 within porous substrate 2 because the convoluted paths to the interior 
of scaffold 4 require the surface of drop 3 to be broken. Viscous forces and other mechanisms also 
combine to bind viscoelastic damping materials 1 within various porous substrates 2, preferably with 
a substantially uniform distribution. Sutton, col. 1 1, line 28 - col. 12, line 14. 




Sutton teaches dynamic mechanical analysis (DMA) to define the composite material 
properties by applying a swatch of the material to a steel beam and subjecting the beam to three-point 
bending oscillations. The resulting dynamic forces are decomposed into in-phase and out-of-phase 
components, and these components are used to calculate effective values for the dynamic loss, 
storage moduli and tan(5). Sutton, col. 15, line 65 - col. 17, line 42. 

According to Sutton, calculating the dynamic loss and storage moduli is trivial for 
simple beam geometry but this is not the case for a composite system comprised of a beam and a 
bonded swatch of damping material. In particular, the effective values of the dynamic loss moduli 
and tan(5) apply to the composite beam-plus-damping-material system, and it is not possible to 
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rigorously determine values for the individual beam and damping material components without a 
complex strain analysis of both the beam and the swatch. Sutton, col. 18, lines 16-24. 

Instead, Sutton defines the effective dynamic loss moduli and tan(5) to represent the 
response that would be obtained if a pure beam of material yielded exactly the same force response 
as that of the (actual) steel beam combined with the (actual) damping swatch. These effective 
quantities still differentiate among different damping materials, and materials with superior damping 
performance will yield higher effective dynamic loss moduli and effective tan(5). Sutton, col. 18, 
lines 25-67. While the effective dynamic loss moduli and effective tan(5) allow the relative merits 
of different standard swatches to be determined, they are not representative of real quantities for the 
components of the system. Sutton, col. 18, lines 39-42. 

Sutton also teaches direct determination of the dynamic loss and storage moduli by 
cutting a sample swatch of the composite damping material and subjecting it to sinusoidal 
oscillations. Sutton, col. 19, line 18 -col. 20, line 39. Sutton also teaches droop tests to quantify the 
instability of the viscoelastic damping material with respect to cold flow. Sutton, col. 20, line 40 - 
col. 21, line 61. 

In both the composite beam and direct dynamic tests, the DMA oscillation 
frequencies range from about 1-100 radians/second (about 1/6 Hz to about 16 Hz). Sutton, col. 19, 
lines 6-8; col. 20, lines 33-35. Typical applications, however, require knowledge of damping 
performance at frequencies beyond 22 kHz, and it is desirable to compare materials across a broader 
range of acoustic frequencies. But dynamic testing is difficult and costly at these frequencies, and 
Sutton employs time-temperature superposition instead. Sutton, col. 21, line 65 - col. 22, line 14. 

Time-temperature superposition is based on the assumption that frequency-dependent 
mechanical properties of polymeric materials scale in a specific fashion with temperature, so that 
dynamic processes at a particular reference temperature are related to those at higher frequency but 
lower temperature. For this analysis, Sutton assumes that the effective dynamic and storage moduli 
scale with an empirical constant a. Sutton then constructs time-temperature master curves by 
making measurements at different temperatures of-10, 0, 10, 20, 30 and 40° C, across the range of 
frequencies achievable with the DMA instrumentation, and adjusts the scaling constant until an 
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appropriate continuous (or near continuous) curve is obtained. According to Sutton, the resulting 
master curves represent the expected dynamic moduli across a very broad range of frequencies, at 
particular reference temperatures T re f, for example 20° C. Sutton, col. 7, line 1 - col. 9, line 42; 
col. 22, line 15 - col. 23, line 4; col. 25, lines 1-63; col. 28, line 56 - col. 29, line 53. 

Sutton notes that the applicability of time-temperature superposition to three-point 
bending data for a composite system is less obvious than for fiber-film data, and states that the 
superposition should not be applied to the storage modulus for the steel beam/composite swatch 
system. Nonetheless Sutton asserts that the techniques yield accurate time- temperature master 
curves for the effective variables, and defines an effective tan(5) for relative comparisons based on 
the effective storage modulus at a particular scaled frequency f sca ied and reference temperature T re /, 
using the derived dynamic loss master curve at frequency/. Sutton, col. 23, lines 5-42. 




FIG. 18 FIG. 19 

FIGS. 18 (left) and 19 (right) of Sutton 

Results for various sample materials and scaled frequencies are presented in FIGS . 1 8 



and 19 (above) and in FIGS. 20-29 and 31-38 (below). Again, these effective loss moduli and 
effective tan(5) data provide for appropriate relative comparison, but do not represent real quantities 
for the actual components of the system. Sutton, col. 18, lines 39^42. 
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FIG. 37 FIG. 38 

FIGS. 37 (left) and 38 (right) of Sutton 



c. Takagi et al., U.S. Pub. No. 2001/0008475 

Takagi discloses a disc drive suspension comprising a base plate, a load beam 
attached to the base plate and a flexure attached to the load beam. The load beam includes a rigid 
body portion formed of a thick plate, independent of the base plate, and a spring portion formed of a 
thin sheet spring member, independent of the rigid body portion, where the spring member connects 
the rigid body portion and the base plate. The spring member is thinner than the rigid body portion, 
has a lower spring constant, and is more flexible than the rigid body portion. Takagi, Abstract. 

The object of the Takagi invention is a high-performance disc drive suspension and a 
manufacturing method therefore. In one example, a thick plate is used for the rigid body portion of 
the load beam and thin rolled steel sheet is used for the spring. Takagi, < ][ < f 13-15. In another 
example, stainless steel is used for the rigid body portion, or an alloy of a light metal such as 
titanium or aluminum, or a synthetic resin for further weight reduction and higher stiffness. 
Alternatively, the load beam and other components are laminated with an aluminum-based metal, or 
with titanium or another metal or alloy, for example by cladding or bonding. Takagi, f 16. 
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Forming the rigid body portion from a thick plate enhances stiffness and reduces ail- 
resistance without forming bent edges or ribs on the load beam, lessening turbulence and fluttering. 
Since the rigid body portion and the spring are separate components, the rigid body portion can be 
formed of a softer material. Takagi, 17-18. 

Preferably, the rigid body portion is formed of a light metal or synthetic resin. If 
formed of a material with low specific gravity, the weight of the load beam is reduced and its 
frequency and vibration characteristics are improved. Weight is further reduced by using low-gravity 
material for both the load beam and the base plate, and the flexure and the spring portion are 
preferably formed of an integral metal sheet, reducing the number of components and improving 
positioning accuracy for the flexure and spring. Takagi, 'H 19, 20. 

A method for manufacturing the suspension utilizes a semi-finished suspension 
product including a base plate, a rigid body portion and a pair of connecting portions connecting the 
base plate and the rigid body portion. The distance between the connecting portions is greater than 
the width of the spring member, which is formed independently and fixed to the base plate and the 
rigid body portion. The connecting portions project from opposite sides of the spring member, and 
are cut off from the base plate and rigid body portion. A common material can be used for the base 
plate and the rigid body portion, reducing the number of components and increasing positional 
accuracy. T akagi, ‘fl 2 1. 




FIG. 1 of Takagi 
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As shown in FIG. 1 (above), suspension 17 includes base plate 30 and load beam 3 1 . 
Base plate 30 has circular hole 33 for inserting a boss portion of actuator ami 16 (FIG. 3, below). 
Each load beam 31 is provided with rigid body portion 40, which is independent of base plate 30. 
Spring portion 42 is formed of spring member 41 fixed to body portion 40, where length L of spring 
member 41 functions as spring portion 42 and rigid body portion 40 is thicker than spring 
member 41. In addition, spring portion 42 has a smaller spring constant and is more flexible than 
rigid body portion 40, which is formed of a lightweight alloy with high stiffness such as an 
aluminum alloy, and is penetrated by apertures 45. Takagi, ffl 38-42. 



10 




FIG. 3 of Takagi 

Apertures 45 may be replaced with recesses formed by partially reducing the 
thickness of rigid body portion 40, for example by etching. Load beam 3 1 may be formed of a light 
metal (lower in specific gravity than iron) such as a titanium or aluminum alloy, or a synthetic resin. 
Low-gravity materials reduce the weight of load beam 3 1 , and improve its frequency and vibration 
characteristics. Load beam 31 may also be a laminated member made up of aluminum alloy and 
stainless steel plates. Takagi, ( | 43. 

In one example plate-like spring member 41 is formed of a springy rolled stainless 
steel sheet. End portions 41a and 41b of spring member 41 are fixed to end portion 40a of rigid body 
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portion 40 and base plate 30 by laser welding or the l ik e. Spring member 41 may also be fixed to 
rigid body portion 40 of load beam 31 with an adhesive. When body portion 40 is formed of a 
synthetic resin, spring member 41 may be fixed to body portion 40 by in-mold forming. 
Takagi, 44, 45. 

Flexure 50 comprises a very thi n plate spring attached to rigid body portion 40. In 
one example, flexure 50 is formed of a rolled stainless steel sheet and fixed to load beam 3 1 by laser 
welding or the like. Slider 20 with head portion 18 is mounted on flexure 50. Takagi, ^ 46. 

Rigid body portion 40 and spring portion 42 are separate components, with suitable 
materials and thicknesses to provide high stiffness for body portion 40 and a low spring constant for 
spring portion 42, using a high-accuracy rolled sheet for spring member 41. A thick plate can be 
used for load beam 31, such that load beam 31 can be shaped to reduce turbulence and enhance 
stiffness. Takagi, ffl 47, 48. 

In a second embodiment, spring portion 42 includes bent portions formed by bending 
the longitudinally intermediate portion of spring member 41. Takagi, \A9. In a third embodiment, 
an aperture is formed in the central portion of spring member 41. Takagi, 'f 50. In a fourth 
embodiment, the base plate is of the so-called arm type and the flexure 50C has a wiring board 
including a metal substrate 65, with an insulating layer and conductive lines connected to terminals 
on head portion 1 8 and the base plate. Takagi, 1 5 1 . 

In a fifth embodiment, the distance between the connecting portions is greater than the 
width of spring member 41. Takagi, 52-54. In a sixth embodiment, spring portion 42 and 
flexure 50 are formed from one platelike spring member. Takagi, f 55. In a seventh embodiment, 
spring portion 42 and a portion to be put on base plate 30 are formed integrally on a platelike spring 
member constituting a flexure with a wiring board. Takagi, ( |[ 56. 

In an eighth embodiment (“SUS/A1 Clad-beam”), rigid body portion 40 of load 
beam 3 1 is a laminated member made up of an aluminum alloy plate having a thickness of 100 pm 
and a stainless steel plate and having a thickness of 30 pm, and base plate 30 is a laminated member 
made up of a light alloy plate such as an alu mi num alloy plate and a stainless steel plate. In this 
embodiment, spring member 41 is formed of stainless steel and is laser- welded to the stainless steel 
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plate. Takagi, '][ 57. In a ninth embodiment, the alu mi num alloy and stainless steel plate thickness 
are not described. Spring member 42 is part of the stainless steel plate and base plate 30 is made of a 
light alloy such as an aluminum alloy, which is overlaid on the stainless steel plate. Takagi, <][ 58. 




FREQUENCY [kHz] 

FIG. 13 of Takagi 



FIG. 13 of Takagi (above) shows that the first torsion mode resonance frequency of 
the SUS/A1 Clad-beam is higher than that of a beam formed only of stainless steel (SUS-beam). In 
addition, the SUS/A1 Clad-beam is lighter in weight than a 100 pm thick SUS-beam, and has reliable 
frequency and vibration characteristics. A 160 pm A1 beam formed of aluminum alone may show 
satisfactory frequency characteristics, but such a beam cannot easily be laser- welded to a flexure or 
base plate formed of stainless steel. Takagi, '][ 59. 
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2. Response to Claim Rejections 

On pages 2-18 of the Office Action, claims 1-3, 5-12, 14-16, 18-20 and 26-32 are 
rejected as unpatentable (obvious) over Arya in view of Sutton and Takagi. In making these 
rejections, the Office Action relies on Arya for teaching a suspension assembly, on Sutton for 
teaching structural damping materials, and on Takagi for teaching a hinge or gimbal that is separately 
made and attached to the beam. (Office Action, pp. 2, 3, 6, 7.) Sutton, however, does not disclose, 
teach or suggest the claimed damping capacities and elastic moduli in the recited frequency range. In 
addition, Arya teaches away from the proposed combination with Takagi, and away from Applicants’ 
invention as claimed. Each of claims 1-3, 5-12, 14-16, 18-20 and 26-32 is nonobvious under 
35 U.S.C. § 103(a), and should be allowed. 

a. Claims 1, 16 and 19 are nonobvious under 35 U.S.C. § 103(a) because the recited 
ranges of elastic modulus and damping capacity would not have been obvious 
over the prior art. 

Claim 1 and claim 16 each recite a suspension assembly having a beam component, a 
hinge component for connecting to an actuation arm and a gimbal component for carrying a 
transducer. Claim 1 specifies that the hinge component and the gimbal component each comprise a 
structural damping material having a modulus of elasticity greater than approximately 10 GPa and a 
damping capacity greater than approximately 0.02 in a vibration mode having a frequency between 
about 6,010 Hz and about 22,650 Hz. Claim 16 specifies that the hinge component consists 
essentially of a structural damping material having the recited damping capacity and modulus of 
elasticity. Claim 19, which depends from claim 16, specifies that the gimbal component comprises a 
structural damping material having the recited damping capacity and modulus of elasticity. 

In rejecting these claims, the Office Action asserts that (I) Sutton’s materials have 
“damping capacities and moduli of elasticity within the claimed ranges;” (II) a person of ordinary 
skill would have been motivated to “optimize structural damping materials for use within [an] ever- 
higher frequency range;” and (III) “when the mere difference between the claimed invention and the 
prior art is some range, variable or other numeric limi tation with in the claims, patentability cannot be 
found.” (Office Action, p. 4, lines 3-5, 10-12, 17-21.) Each of these arguments is traversed. 
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With respect to (I), a prima facie case of obviousness exists when the claimed range 
overlaps or lies inside a range disclosed by the prior art. M.P.E.P. § 2144.05(1) (citing In re 
Wertheim, 541 F.2d 257 (CCPA 1976); In re Woodruff, 919 F.2d 1575 (Fed. Cir. 1990)). The prior 
art does not disclose elastic moduli or damping capacities within the claimed range, so there is no 
prima facie case of obviousness under 35 U.S.C. § 103(a). 

In particular, the Office Action asserts that FIG. 19 of Sutton discloses a damping 
capacity (effective loss modulus) of 0.016, “which is which is greater than 0.015,” and that 0.016 is 
therefore “greater than approximately 0.02 (insofar as 0.015 is approximately 0.02).” (Office Action, 
p. 3, lines 16-18; p. 14, lines 3-5.) With respect, this argument is disingenuous, and contradicts the 
plain, ordinary and customary meaning of Applicants’ claims. M.P.E.P. § 21 1 1 .01 (words of a claim 
must be given their plain meaning unless inconsistent with the specification) (citing In re Zletz, 893 
F.2d 319, 321 (Fed. Cir. 1989)). Applicants recite a damping capacity greater than 
approximately 0.02, and these words mean exactly what they say. Id. (ordinary, simple English 
words are construed to mean exactly what they say) (citing Chef America, Inc. v. Lamb-Weston, Inc., 
358 F.3d 1371, 1372 (Fed. Cir. 2004)). An effective damping capacity of 0.016, as disclosed by 
Sutton, does not read on a damping capacity greater than approximately 0.02, as claimed by 
Applicants, and claims 1, 16 and 19 are not obvious under 35 U.S.C. § 103(a). 

Rejections based on obviousness, moreover, should rely on logic and sound scientific 
principles, and these principles do not extend to the theory that 0.016 is greater than 
approximately 0.02. See, e.g., M.P.E.P. § 2144.02 (in relying on theory, evidentiary support must be 
provided) (citing In re Soli, 317 F.2d 941 (CCPA 1963); In re Grose, 592 F.2d 1161, (CCPA 1979)). 
In addition, Applicants also specify that the recited damping capacities and moduli of elasticity are in 
a vibration mode having a frequency between about 6,010 Hz and about 22,650 Hz, and at these 
frequencies Sutton’s FIG. 19 discloses an effective damping capacity of less than 0.01, not 0.016. 

More specifically, the recited frequency range corresponds to logi 0 frequency between 
about 3.78 and about 4.36 on Sutton’s horizontal scale, where Sutton teaches effective tan(8) values 
between 0.04 and 0.06. Sutton, FIG. 19. These correspond to effective damping capacities of 
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about 0.0064 to 0.0095, 2 and there is no reasonable interpretation of “greater than 
approximately 0.02,” as claimed by Applicants, that can be read upon by an effective damping 
capacity of at most 0.0095, as taught by Sutton. See M.P.E.P. 21 1 1.01 (claims to be given “broadest 
reasonable interpretation”) (citing In re Okuzawa, 537 F.2d 545, 548 (CCPA 1976)). 

In any case, as FIGS. 18 and 19 show that the data relied on by the Office Action were 
obtained by attaching a swatch of the damping material to a three-point test beam, in which case the 
dynamic storage modulus of the steel dominates and it is difficult to rigorously define tan(5). Sutton, 
col. 23, lines 1 6-32 (“Because the dynamic storage modulus for steel largely dominates the effective 
E' for the system, although swatch properties may have a significant effect on this value, it is difficult 
to rigorously define an exact time-temperature superposition for tan 8.”). Thus none of the effective 
tan(8) data in FIGS. 18, 19, 22, 23, 26, 27, 31, 32, 35 and 36 are rigorously defined, and these data 
should not be relied on in making a rejection under 35 U.S.C. § 103(a). 

When the damping materials are tested in the form of a fiber film, moreover, 
independently of the beam, as shown in FIGS. 20, 21, 24, 25, 28, 29, 33, 34, 37 and 38, the loss 
moduli are reduced by approximately two orders of magnitude. 3 The maximum disclosed elastic 
modulus for these data, regardless of frequency, is only about 0.5 GPa, twenty times less than the 
claimed minimum of 10 GPa. Sutton thus does not disclose materials “having damping capacities 
and moduli of elasticity within the claimed ranges,” as asserted in the Office Action, and there is no 
prima facie case of obviousness under 35 U.S.C. § 103(a). (Office Action, p. 4, lines 10-13.) 

With respect to (II), obviousness may also be found on the basis of optimization and 
routine experimentation when the general conditions of a claim are disclosed in the prior art. 
M.P.E.P. § 2144.05(11) (citing In reAller, 220 F.2d 454, 456 (CCPA 1955)). Sutton, however, does 
not disclose the general conditions of Applicant’s claims, because Sutton teaches that the effective 
tan(8) data relied on by the Office Action are not rigorously defined, and that they do not represent 
real quantities for actual system components. (Sutton, col. 18, lines 25-34 (“For this reason, it 



2 Damping capacity C = 8 /2 ji, so C, = tan 1 |tan(8)|/2jt, where 5 is scaled in radians. (See Application, fj[ 34-36.) 

3 For scale conversions, 1 GPa = 10 10 dyne/cm 2 . 
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desirable to define effective moduli for such a system, and an effective tan 8 ... although not 
representative of real quantities for the components of the system.") (emphasis added). 

To the extent that Sutton’s effective variables “allow the merits of different standard 
swatches to be determined,” moreover, these are relative measures only, based on Sutton’s particular 
three-point test beam geometry. Id. (“the response of such a system is a relative measure of damping 
material performance.”); see also col. 13, lines 16-32 (“In order to provide appropriate relative 
comparisons, however, an effective tan 8 is defined...”) (emphasis added). Sutton’s effective 
variables do not represent real quantities, and are not rigorously defined for the actual components of 
a suspension system, as claimed by Applicants. Sutton, col. 18, lines 16-24 (“without a complex 
analysis of strain in both the beam and swatch, it is not possible to determine dynamic moduli for the 
two specific components of the system rigorously .”) (emphasis added). Sutton thus does not render 
claims 1, 16 and 19 obvious under 35 U.S.C. § 103(a), and these claims should be allowed. 

With respect to (IE), Applicants may rebut a prima facie case of obviousness based on 
overlapping ranges by providing evidence of criticality. M.P.E.P. § 2144.05(111) (citing Woodruff, 
919 F.2d at 1575). Here, however, there is no prima facie case and the burden of proof does not shift 
to Applicants because (I) Sutton does not teach the recited ranges of damping capacity and elastic 
modulus, as described above; and (II) Sutton’s effective variables do not represent real quantities, 
and are thus not applicable to the actual components of Applicants’ invention as claimed. 

Nonetheless, the record provides substantial evidence of criticality. In particular, the 
claimed damping capacities and elastic moduli are functions of vibrational frequency, and the 
vibrational frequencies are critical because they describe the critical frequencies of resonant modes 
of vibration. See, e.g., Arya, col. 1, lines 56-60 (“resonance at critical dynamic frequencies”); col. 2, 
lines 20-22 (“dynamic flutter and mode gains at critical frequencies”); see also Sutton, col. 1, 
lines 13-15; col. 12, line 15 - col. 13, line 21 (resonant vibration modes); Application 5, 14, 15, 
23, 27, 34, 52, 53 (bending, torsion and sway modes). 

While Sutton’ s effective variable analysis is restricted to a particular three-point test 
beam configuration, moreover, Sutton’s FIGS. 20-29 and 31-38 also describe a sufficiently large 
number test results, undertaken both inside and outside the recited frequency range, to show that the 
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recited damping capacities, elastic moduli and mode frequencies are critical parameters. 
M.P.E.P. § 716.02(d)(II) (tests inside and outside the claimed range show criticality) (citing In re 
Hill , 284 F.2d 955 (CCPA I960)). In addition. Applicants claim unexpectedly superior damping 
capacities, particularly when considering that the closest prior art data do not even represent real 
quantities for actual system components. M.P.E.P. § 7 16.02(b)(II) (superiority over closest prior art 
is evidence of nonobviousness) (citing In re Chupp, 816 F.2d 643, 646 (Fed. Cir. 1987)). With 
respect to the actual test swatch data. Applicants also show unexpected results because none of the 
test swatches has a loss modulus within a factor of twenty of the claimed range, as described above. 
M.P.E.P. § 716.02 (markedly superior results are unexpected) (citing In re Wagner, 371 F.2d 877, 
884 (CCPA 1967); Ex parte Gelles, 22 USPQD 2d 1318, 1319 (Bd. Pat. App. & Inter. 1992)). 

As taught by Arya, moreover, the issue of vibrational damping depends not only on 
material properties, but also on the free vibrating lengths between attachment points of the different 
suspension components, including hinge and gimbal components as recited in Applicants’ claims. 
Arya, col. 1, line 65 - col. 2, line 28. In particular, attachment geometry contributes to dynamic 
flutter at the critical mode frequencies, and, as Applicants point out, this requires complex numerical 
techniques such as finite element analysis. Application, 48, 51-53. 

The technique of finite element analysis is applied to notoriously unpredictable 
problems like weather prediction, and to complex elasticity and structural analysis problems 
including resonance mode vibrations in multi-component suspension assemblies, which are subject 
to numerical instabilities, complicated domain structures, and other unpredictable effects. See, e.g., 
WikipediA, Finite Element method (Appendix B). Even if Sutton’s data represented real physical 
quantities, therefore (which they do not), there would still be no way to know how to apply these data 
to Applicants’ claimed suspension assembly without performing Applicant’ s finite element analysis. 
This analysis, however, appears only in Applicants’ disclosure, and not in the prior art, so the 
reconstruction of Applicants’ claims is based on impermissible hindsight. M.P.E.P. § 2145(X)(A) 
(proper reconstruction takes into account only knowledge within the level of ordinary skill at the 
time the claimed invention was made and does not include knowledge gleaned only from applicant ’s 
disclosure ) (citing In re McLaughlin, 443 F.2d 1392, 1395 (CCPA 1971)) (emphasis added). 
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Each of claims 1, 16 and 19 is nonobvious under 35 U.S.C. § 103(a), and should be 
allowed. Claims 2, 3, 5-12, 14, 15, 18, 20 and 26-32 are also allowable, as dependent from 
nonobvious base claims 1 and 16. M.P.E.P. § 2143.03 (in judging obviousness, all claim limitations 
must be considered; if an independent claim is nonobvious under § 103(a), any claim depending 
therefrom is nonobvious) (citing In re Wilson, 424 F.2d 1382, 1385 (CCPA 1970); In re Fine, 837 
F.2d 1071 (Fed. Cir. 1988)). 

b. Claims 1, 16 and 19 are nonobvious under 35 U.S.C. § 103(a) because the 
properties of the claimed structural damping materials would not have been 
predictable at the recited vibration mode frequencies. 

Claim 1 and claim 16 each recite a suspension assembly having a beam component, a 
hinge component for connecting to an actuation arm and a gimbal component for carrying a 
transducer. Claim 1 specifies that the hinge component and the gimbal component each comprise a 
structural damping material having a modulus of elasticity greater than approximately 10 GPa and a 
damping capacity greater than approximately 0.02 in a vibration mode having a frequency between 
about 6,010 Hz and about 22,650 Hz. Claim 16 specifies that the hinge component consists 
essentially of a structural damping material having the recited damping capacity and modulus of 
elasticity. Claim 19, which depends from claim 16, specifies that the gimbal component comprises a 
structural damping material having the recited damping capacity and modulus of elasticity. 

On pages 4 and 5, the Office Action asserts that it would have been obvious to arrive 
at the claimed structural damping materials in the course of routine experimentation and 
optimization, and, “absent any evidence of unexpected results within the frequency range recited by 
Applicants], the behavior of structural damping materials within the recited frequency range is 
presumed to have been predictable.” (Office Action, p. 4, line 21 - p. 5, line 5.) It is an error, 
however, to conclude obviousness based upon a mere presumption of predictability, because the 
Office bears the burden of establishing a prima facie case. M.P.E.P. § 2144.08(II)(a) (“The PTO 
bears the burden of establishing a case of prima facie obviousness.”) (citing In re Bell, 99 1 F.2d 78 1 , 
783 (Fed. Cir. 1993); In re Rijckaert, 9 F.3d 1531, 1532 (Fed. Cir. 1993); In re Oetiker, 977 F.2d 
1443, 1445 (Fed. Cir. 1992); Graham v. John Deere Co., 383 U.S. 1, 17 (1966)). 
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Because there is no prima facie case of obviousness, moreover, and as described 
above, there is no burden on Applicants to show unpredictability. Id. (“If a prima facie case is 
established, the burden shifts to applicant”) (citing Bell, 991 F.2d at 783-84; Rijckaert, 9 F.3d at 
1532; Oetiker, 977 F.2d at 1445) (emphasis added). Even where Applicants claim a particular range 
of mechanical properties, the Office still has the burden of making a prima facie case. See, e.g., 
M.P.E.P. § 2145(111) (“Applicants can rebut a prima facie case of obviousness based on overlapping 
ranges by showing [criticality]”) (citing Woodruff, 919 F.2d at 1575) (emphasis added). 

The Office Action also asserts that Applicants do not become inventors by following 
the teaching of Sutton “within a frequency band of concern for a different specific application,” 
especially where there is market pressure toward minimization and predictability is presumed. 
(Office Action, p. 14, lines 12-15; p. 17, lines 5-6). With respect. Applicants do not follow Sutton’s 
teaching and predictability may not be presumed. Applicants claim actual suspension components, 
not effective variables, as taught by Sutton, and Sutton’ s effective variables do not predictably teach 
to Applicant’ s actual suspension, as stated in the Sutton reference itself. In particular, while Sutton 
teaches that the effective loss modulus and effective tan(8) “represent the values which would be 
obtained if a pure beam of material were tested which yielded exactly the same force response as that 
of the steel beam combined with the damping swatch,” Sutton also explains that effective variables 
themselves are not physical, and thus do not represent “real quantities for the [actual] components of 
the system,” as claimed by Applicants. Compare, e.g., Sutton, col. 18, lines 24-34 and 52-55. 

More specifically, Sutton obtains the results shown in FIGS. 35 and 36 (and in 
FIGS. 18-29, 31-34, 37 and 38) by extrapolating data taken at low frequencies, no higher than 
30 Hz, to frequencies beyond 22 kHz, more than three orders of magnitude higher. Sutton, col. 22, 
lines 2-10. The extrapolation, moreover, is based on a presumption that frequency scaling can be 
accurately modeled by varying the temperature, and then predicting the system’s frequency- 
dependent damping properties based on temperature-dependent effects. Sutton, col. 21, line 63 - 
col. 23, line 53 (describing time-temperature superposition). 

This method, however, is inherently unpredictable, and Sutton acknowledges this fact. 
See, e.g., Sutton, col. 18, lines 16-24 (not possible to rigorously determine dynamic moduli for 
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specific system components); col. 23, lines 26-30 (“it is difficult to rigorously define an exact time- 
temperature superposition for tan(8)”). As a result, while materials with superior damping 
performance may yield higher effective loss moduli and tan(8) by comparison, the effect is only 
relative to other samples on the same three-point test beam. Sutton, col. 18, lines 25-31, 56-67. 
Sutton’s data do not represent real quantities for actual system components, as described above, and 
do not predictably model damping behavior for Applicants’ suspension assembly as claimed. 

In any case, Sutton limits analysis to the range of -10 to +40° C, over which the time- 
temperature superposition is generally accepted as applicable, and each of Sutton’s results presumes 
a reference operating temperature of 20° C. Sutton, col. 7, line 1 - col. 9, line 42; col. 22, line 15 - 
col. 23, line 4; col. 25, lines 1-63; col. 28, line 56 - col. 29, line 53. The operating temperature of a 
typical hard disc drive, however, is 45-75° C, and Sutton’s time-temperature superposition presumes 
that the damping properties depend upon temperature. See Sutton, col. 21, line 63 - col. 23, line 53; 
Application, <][ 33. If Sutton’s structural damping materials were applied to Applicants’ suspension 
assembly, therefore, as suggested in the Office Action, they would not be expected to have the 
damping properties that were relied upon in rejecting Applicants’ claims, and Sutton, in fact, 
provides no reliable means by which the actual properties could have been reliably predicted. 

Claims 1, 16 and 19 are thus nonobvious under 35 U.S.C. § 103(a), and should be 
allowed. Claims 2, 3, 5-12, 14, 15, 18, 20 and 26-32 are also allowable, as dependent from 
nonobvious base claims 1 and 16. M.P.E.P. § 2143.03 (allowable under § 103 if dependent on 
nonobvious independent claim). 

c. Claims 1 and 16 are nonobvious under § 103(a) because Arya teaches away from 
a separately formed hinge or gimbal, as recited in the claims, and away from 
attachment to the beam, as taught by Takagi. 

Claim 1 and claim 16 each recite a suspension assembly having a beam component 
with a front end and a rear end, a hinge component for connecting to an actuation arm and a gimbal 
component for carrying a transducer. Claim 1 specifies that at least one of the hinge component and 
the gimbal component is separately made and attached to the beam component. Claim 16 specifies 
that the hinge component is separately made and attached to the rear end of the beam component. 
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In addressing the separately formed hinge or gimbal, as claimed by Applicants, the 
Office Action relies on Takagi for teaching “the many advantages of a separately formed 
construction.” (Office Action, p. 17 lines 12-13.) The question, however, is not what Takagi 
suggests in isolation, but what Takagi’ s suggestion teaches to a person of ordinary skill who has read 
Arya, and who considers the prior at as a whole. M.P.E.P. § 2143.02(VI) (prior art must be 
considered as a whole, “including portions that would lead away from the claimed invention”) 
(citing W.L. Gore & Assoc., Inc. v. Garlock, Inc., 721 F.2d 1540 (Fed. Cir. 1983)). 

In particular, Arya teaches that the hinge and gimbal are not separately formed; 
instead, layers 36,38 and 40 are formed continuously (“intact”) through mount plate 1 02, hinge 108, 
beam 1 10 and gimbal 120. Arya, col. 6, 11. 33-35 (“third through fifth layers 36-40 intact, with the 
third layer 36 acting as a load bearing member”); see also col. 6, 1. 41 - col. 7, 1. 35; FIGS. 6-8. 
Third layer 36 thus forms an intact load-bearing structure all the way from load plate 102 through 
hinge 108 and load beam functional end 1 10 to gimbal system 120, including load/unload tang 140. 
Arya, col. 5, line 55 - col. 6; col. 6, lines 28-65; col. 7, lines 26-55. If the hinge or gimbal were 
separately formed, as suggested by the Office Action, and then attached to the beam, as claimed by 
Applicants, the load-bearing principles of Arya’s entire suspension assembly would be destroyed. 
See, e.g., M.P.E.P. § 2143.01(VI) (proposed modification cannot change the principle of operation of 
prior art invention) (citing In re Ratti, 270 F.2d 810 (CCPA 1959)). 

In addition, where Takagi teaches that spring member (hinge) 41 and flexure 50 are 
attached to load beam 31 by “laser welding or the like” (Takagi, < J[ ( J[ 6, 44-46, 53, 57, 59), Arya 
teaches that the suspension assembly is weld free. Arya, col. 2, lines 26-28 (substantially if not 
completely weld free), lines 31-40 (weld free) col. 8, lines 1-2 (weld free); claims 1, 11,21 (weld 
free). Thus Takagi cannot be combined with Arya, as suggested in the Office Action, and claims 1 
and 16 are not obvious under 35 U.S.C. § 103(a). M.P.E.P. § 2145(X)(D)(2) (references cannot be 
combined where reference teaches away from their combination; it is improper to combine 
references where the references teach away from their combination) (citing In re Grasselli, 713 F.2d 
731, 743 (Fed. Cir. 1983)) (emphasis added). 
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Ary a also teaches a number of mechanical disadvantages, including multiple 
processing steps, additional processing cycles, fixturing, alignment tolerance, thermal distortion, 
flatness variation, reduced availability of real estate, and free vibrating lengths between the weld 
points. Arya, col. 1, line 65 - col. 2, line 28. While these teachings are directed to welding, 
moreover, they apply equally to other attachment methods, including adhesive attachments, because 
the intended purpose of the Arya invention is to provide a continuously formed suspension assembly 
that is not subject to free vibrating lengths between the attachment points, which contribute to 
dynamic flutter at critical mode frequencies. Id. See also M.P.E.P. § 2143.01(V) (proposed 
modification cannot render prior art invention unsatisfactory for its intended purpose) (citing In re 
Gordon, 733 F.2d 900 (Fed. Cir. 1984)). 

On page 17, the Office Action asserts that Arya’s teachings to the advantages of weld- 
free suspension are “far short of the sort of teaching away from separately formed suspension parts 
that would discourage a person of ordinary skill in the art from trying a not-completely-weld-free- 
suspension construction.” (Office Action, p. 17, l i nes 8-12.) With respect, this is a mere conclusion, 
and does not support a rejection based on obviousness. M.P.E.P. § 2141(C)(III) (“Rejections on 
obviousness cannot be sustained by mere conclusory statements; instead, there must be some 
articulated reasoning with some rational underpinning to support the legal conclusion of 
obviousness.”) (citing KSR Int’ l Co. v. Teleflex, Inc., 550 U.S. 398 (2007)). 

In any case, the assertion is incorrect. In fact, Arya could hardly be more plain that a 
person of ordinary skill should not form a hinge or gimbal component separately, as suggested by 
Takagi, or attach such a separately formed component to a load beam, as claimed by Applicants, 
whether by welding or otherwise. While Takagi may suggest such a modification in the abstract, 
moreover, this is not the standard under 35 U.S.C. § 103(a). Under § 103(a), the prior art must be 
taken as a whole, and Takagi’ s suggestion must be viewed in light of Arya’s teachings as well. 

Arya has already fully considered the modification suggested by Takagi and proposed 
by the Office Action, and Arya has plainly rejected this modification in favor of a weld-free 
(attachment-free) continuous suspension assembly, in order to provide high performance without free 
vibrating lengths. See also, e.g., Arya, Title (“Weld Free High Performance Laminate Suspension”). 
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Ary a teaches away from a material aspect of Applicants’ invention, and claims 1 and 16 are not 
obvious under 35 U.S.C. § 103(a). M.P.E.P. § 2144.05(111) (prima facie obviousness rebutted by 
showing that prior art teaches away from claimed invention in any material respect) (citing In re 
Geisler, 116 F.3d 1465, 1471 (Fed. Cir. 1997)) (emphasis added). 

Claims 1 and 16 are nonobvious under 35 U.S.C. § 103(a), and should be allowed. 
Claims 2, 3, 5-12, 14, 15, 18-20 and 26-32 are also allowable, as dependent from nonobvious base 
claims 1 and 16. M.P.E.P. § 2143.03 (allowable under § 103 if dependent on nonobvious 
independent claim). 

d. Claim 2 is not obvious under § 103(a) because the recited moduli of elasticity are 
not obvious over the prior art. 

Claim 2 specifies that the structural damping materials recited in claim 1 have a 
modulus of elasticity greater than approximately 30 GPa in the claimed range of vibration mode 
frequencies, and claim 2 is nonobvious for at least the reasons given with respect to claim 1, above. 
M.P.E.P. § 2143.03. In addition, there is no prima facie case of obviousness because the closest 
prior art fiber film samples have a maximum loss modulus of about 0.40 GPa, 75 times less than the 
recited value, and because the closest prior art effective damping capacities lie outside the claimed 
range. In any case, the closest prior art disclosures are non-physical and the behavior of the closest 
prior art materials cannot be predicted for Applicants’ suspension assembly, as described above. See 
also, e.g., M.P.E.P. § 716.02 (marked improvement and markedly superior results are unexpected). 

e. Claims 3 and 20 are not obvious under § 103(a) because the prior art teaches 
away from the same material for the hinge and the gimbal. 

Claims 3 and 20 specify that the structural damping materials of the hinge and the 
gimbal components recited in claims 1 and 16 are substantially identical in composition, and these 
claims are nonobvious for at least the reasons given with respect to claims 1 and 16, above. 
M.P.E.P. § 2143.03. In addition, there is no prima facie case of obviousness because Arya teaches 
that the hinge is formed from three layers and two of the layers are selectively removed to form the 
gimbal, so the materials are not substantially identical in composition. Arya, col. 6, lines 41-65 
(hinge 108 with third through fifth layers 36, 38, 40 intact); col. 7, lines 36-55 (portions of fourth 
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and fifth layers 38, 40 selectively removed from gimbal region 120, to the right of line A-A in 
FIG. 6). See also M.P.E.P. § 2143.02(VI) (prior art leads away from invention). 

f. Claim 6 is not obvious under § 103(a) because the prior art teaches away from a 
hinge made of a single material. 

Claim 6 specifies that the entire hinge component is substantially made from the first 
structural damping material recited in claim 1, and claim 6 is nonobvious for at least the reasons 
given with respect to claim 1, above. M.P.E.P. § 2143.03. In addition, there is no prima facie case 
of obviousness because Arya teaches that the hinge is formed from at least three different layers, not 
substantially from a first material. Arya, col. 6, lines 41-65 (hinge 108 formed by removing first and 
second layers 32, 34, leaving third through fifth layers 36, 38, 40 intact). M.P.E.P. § 2143.02(VI). 

g. Claim 7 is not obvious under § 103(a) because the prior art teaches away from a 
gimbal made of a single material. 

Claim 7 specifies that the entire gimbal component is substantially made from the 
second structural damping material recited in claim 1, and claim 7 is nonobvious for at least the 
reasons given with respect to claim 1, above. M.P.E.P. § 2143.03. In addition, there is no prima 
facie case of obviousness because Arya teaches that the gimbal is formed from three layers, not 
substantially made from a second material. Arya, col. 7, lines 36-55 (portions of fourth and fifth 
layers 38, 40 selectively removed, but unselected portions remain). M.P.E.P. § 2143.02(VI). 

h. Claim 8 is not obvious under § 103(a) because the prior art teaches attaching an 
external structural damping material. 

Claim 8 specifies that the hinge component recited in claim 1 has no external 
structural damping material attached, and claim 8 is nonobvious for at least the reasons given with 
respect to claim 1, above. M.P.E.P. § 2143.03. In addition, there is no prima facie case of 
obviousness because Sutton, which is relied on for structural damping materials, teaches attaching an 
external swatch of structural damping material. Sutton, col. 6, lines 36-44; FIG. 13 (rectangular 
swatch of damping material affixed to steel beam). M.P.E.P. § 2143.02(VI). 
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i. Claims 9 and 10 are not obvious under § 103(a) because the recited moduli of 
elasticity are not predicted by the prior art. 

Claims 9 and 10 specify that the structural damping materials recited in claim 1 have 
moduli of elasticity greater than approximately 50 GPa in the claimed range of vibration mode 
frequencies, and these claims are nonobvious for at least the reasons given with respect to claim 1, 
above. M.P.E.P. § 2143.03. In addition, there is no prima facie case of obviousness because the 
closest prior art fiber film samples have a maximum loss modulus of about 0.40 GPa, 125 times less 
than the recited value, and because the closest prior art effective damping capacities lie outside the 
claimed range. In any case, the closest prior art disclosures are non-physical, and the behavior of the 
closest prior art materials cannot be predicted. M.P.E.P. § 716.02. 

j. Claims 11, 18, 29 and 32 are not obvious under § 103(a) because the prior art 
teaches away from an alloy. 

Claims 11, 18, 29 and 32 specify that the structural damping materials recited in 
claims 1 and 16 are alloys, and these claims are nonobvious for at least the reasons given with 
respect to claims 1 and 16, above. M.P.E.P. § 2143.03. In addition, there is no prima facie case of 
obviousness because Sutton, which is relied on for structural damping materials, teaches that the 
structural damping materials are formed by incorporating a viscoelastic damping material into the 
matrix of a mechanically stable porous material, not that the structural damping materials are alloys. 
Sutton, col. 10, lines 10-15; FIGS. 1, 2. See also M.P.E.P. § 2143.02(VI). 

k. Claim 14 is not obvious under § 103(a) because the prior art teaches away from 
attaching the hinge or gimbal through an adhesive. 

Claim 14 specifies that at least one of the hinge and gimbal components recited in 
claim 1 is attached to the beam component through an adhesive, and claim 14 is nonobvious for at 
least the reasons given with respect to claim 1, above. M.P.E.P. § 2143.03. In addition, there is no 
prima facie case of obviousness Arya teaches an intact load-bearing structure, and because the 
disadvantages of welding, as taught by Arya, apply to adhesive attachments at well. Arya, col. 1 , line 
65 - col. 2, line 28. See also M.P.E.P. § 2143.02(VI). 
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1. Claim 15 is not obvious under § 103(a) because the prior art teaches away from 
attaching the hinge or gimbal by welding. 

Claim 15 specifies that at least one of the hinge and gimbal components recited in 
claim 1 is attached to the beam component by welding, and claim 15 is nonob vious for at least the 
reasons given with respect to claim 1, above. M.P.E.P. § 2143.03. In addition, there is no prima 
facie case of obviousness because Arya teaches an intact load-bearing structure and because Arya 
teaches the disadvantages of welding. Arya, col. 1, line 65 - col. 2, line 28. See also 
M.P.E.P. § 2143.02(VI). 
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CONCLUSION 



In view of the foregoing, it is respectfully requested that Applicants’ Appeal from the 
final rejection of claims 1-3, 5-12, 14—16, 18-20 and 26-32 be granted. Each of claims 1-3, 5-12, 
14-16, 18-20 and 26-32 is nonobvious under 35 U.S.C. § 103(a) and in condition for allowance, and 
a determination to that effect is in order. 



Respectfully submitted, 
KINNEY & LANGE, P.A. 



Date: April 19, 2010 By: /Nathaniel P. Longlev/ 

Nathaniel P. Longley, Reg. No. 62,668 
THE KINNEY & LANGE BUILDING 
312 South Third Street 
Minneapolis, MN 55415-1002 
Telephone: (612) 339-1863 
Fax: (612) 339-6580 
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Appendix A - Claims 

1 . (Previously presented) A head suspension assembly, comprising: 

a beam component having a front end and a rear end; 

a hinge component near the rear end of the beam component for connecting to an 
actuation arm; and 

a gimbal component near the front end of the beam component for carrying a 
transducing head; 

wherein the hinge component comprises a first structural damping material having a 
modulus of elasticity greater than approximately 10 gigapascals and a 
damping capacity greater than approximately 0.02 in a vibration mode having 
a frequency between about 6,010 hertz and about 22,650 hertz and the gimbal 
component comprises a second structural damping material having a modulus 
of elasticity greater than approximately 10 gigapascals and a damping 
capacity greater than approximately 0.02 in a vibration mode having a 
frequency between about 6,010 hertz and about 22,650 hertz; and 

wherein at least one of the hinge component and the gimbal component is separately 
made and attached to the beam component. 

2. (Previously presented) The head suspension assembly of claim 1, wherein the first structural 
damping material has a modulus of elasticity greater than approximately 30 gigapascals in a vibration 
mode having a frequency between about 6,010 hertz and about 22,650 hertz, and the second 
structural damping material has a modulus of elasticity greater than approximately 30 gigapascals in 
a vibration mode having a frequency between about 6,010 hertz and about 22,650 hertz. 

3. (Previously presented) The head suspension assembly of claim 1, wherein the first structural 
damping material and the second structural damping material are substantially identical in 
composition. 
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4. (Canceled) 

5. (Original) The head suspension assembly of claim 1, wherein the hinge component applies a 
preload on the transducing head through the beam component. 

6. (Original) The head suspension assembly of claim 1, wherein the entire hinge component is 
substantially made from the first structural damping material only. 

7. (Previously presented) The head suspension assembly of claim 1, wherein the entire gimbal 
component is substantially made from the second structural damping material only. 

8. (Original) The head suspension assembly of claim 1, wherein the hinge component has no 
external structural damping material attached thereto. 

9. (Previously presented) The head suspension assembly of claim 1, wherein the first structural 
damping material has a modulus of elasticity greater than approximately 50 gigapascals in a vibration 
mode having a frequency between about 6,010 hertz and about 22,650 hertz. 

10. (Previously presented) The head suspension assembly of claim 1, wherein the second structural 
damping material has a modulus of elasticity greater than approximately 50 gigapascals in a vibration 
mode having a frequency between about 6,010 hertz and about 22,650 hertz. 

11. (Previously presented) The head suspension assembly of claim 1, wherein the first structural 
damping material is an alloy. 

12. (Previously presented) The head suspension assembly of claim 1, wherein the first structural 
damping material is a laminate comprising a stainless steel layer and a damping material layer. 

13. (Canceled) 

14. (Previously presented) The head suspension assembly of claim 1, wherein the at least one of the 
hinge component and the gimbal component is attached to the beam component through an adhesive. 
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15. (Previously presented) The head suspension assembly of claim 1, wherein the at least one of the 
hinge component and the gimbal component is attached to the beam component by welding. 

16. (Previously presented) A head suspension assembly, comprising: 

a beam component having a front end and a rear end; 

a hinge component for connecting to an actuation arm, wherein the hinge component 
consists essentially of a first structural damping material having a modulus of 
elasticity greater than approximately 10 gigapascals and a damping capacity 
greater than approximately 0.02 in a vibration mode having a frequency 
between about 6,010 hertz and about 22,650 hertz, and the hinge component 
is separately made and attached to the rear end of the beam component; and 
a gimbal component near the front end of the beam component for connecting to a 
slider assembly carrying a transducer. 



17. (Canceled) 

18. (Original) The head suspension assembly of claim 16, wherein the first structural damping 
material is an alloy. 

19. (Previously presented) The head suspension assembly of claim 16, wherein the gimbal 
component comprises a second structural damping material having a modulus of elasticity greater 
than approximately 10 gigapascals and a damping capacity greater than approximately 0.02 in a 
vibration mode having a frequency between about 6,010 hertz and about 22,650 hertz. 

20. (Original) The head suspension assembly of claim 19, wherein the first structural damping 
material and the second structural damping material are substantially identical in composition. 

21-25. (Canceled) 



26. (Previously presented) The head suspension assembly of claim 1, wherein the first structural 
damping material is a composite. 
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27. (Previously presented) The head suspension assembly of claim 16, wherein the first structural 
damping material is a laminate comprising a stainless steel layer and a damping material layer. 

28. (Previously presented) The head suspension assembly of claim 16, wherein the first structural 
damping material is a composite. 

29. (Previously presented) The head suspension assembly of claim 19, wherein the second structural 
damping material is an alloy. 

30. (Previously presented) The head suspension assembly of claim 19, wherein the second structural 
damping material is a laminate comprising a stainless steel layer and a damping material layer. 

3 1 . (Previously presented) The head suspension assembly of claim 19, wherein the second structural 
damping material is a composite. 



32. (Previously presented) The head suspension assembly of claim 1, wherein the second structural 
damping material is an alloy. 
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Appendix B - Evidence 

The following evidence was relied upon by the examiner as to grounds of rejection to 
be reviewed on appeal: 

1. Arya et al„ U.S. Patent No. 6,785,094, Application No. 10/131,553, filed April 24, 2002, 
issued August 31, 2004 (Arya). 

2. Sutton et al., U.S. Patent No. 5,965,249, Application No. 08/908,619, filed August 7, 1997, 
issued October 12, 1999 (Sutton). 

3. Takagi et al., U.S. Publication No. 2001/0008475, Application No. 09/793,410, filed 
February 26, 2001, abandoned January 23, 2005 (Takagi). 

Arya and Sutton were entered into the record May 30, 2008 and Takagi was entered into the record 
September 3, 2009, each as cited by the examiner. 

In addition, the following evidence is relied on by Applicants: 

1. WikipediA, Finite Element method, http://en.wikipedia.org/wiki/Finite element method 
(December 3, 2009). 

This evidence was entered into record with Applicants’ Amendment filed December 3, 2009, as 
NPL, non-patent literature documents. A copy is provided. 
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Finite element method 



Fsaai Wifc^*ois. the ass smyclepedsa 

The finite dement method (FEM) <s.oss«titses. referred to s.s fiaite element 
analysis (F£A)} is a asmefkal technique for finding approximate solutions, of 
partial differentia! equatioas <PDE) as weS as of integral eqaatiass. Tine 
soMioti abroach h based either on elirtnaarin? the differential equation 
conqtiefely (steady state problems), or rendesingthe ?DE into an 
approximating system of ordinary dsfifaealia! equations, which are then 
numerically site grated using standard techniques such as Eukr's method 
Eunge-Kutta. etc. 

In solving partial differential equations, the ptisan/ challenge it to create an 
equation that approximates the equation to be .studied, but is numerically 
stable, meaning that eiTors in the input data and iatersnediate calculations do 
not accumulate and cause the resulting output to he meaningless. There are 
many ways of doing tins, ail with advantages and disadvantages. Hie Finite 
Element Method is a good choice for solving partial ditYerentM equations over 
complicated domains (like cars and oil pipeline?.; v/hen the domain changes (as 
during a solid state reaction with a moving boundary), when the desired 
precision series over the ensue domain. or when the solution lades smoothness. 
For instance, in a frontal crash smadatiomil is possible to increase prediction 
accuracy in “import ant" areas like the front of the car and reduce it m its rear 
(thus reducing cost of the simulation) Another example would be the 
simulation of the weather pattern on Earth, where if is more ia^onaiU to have 
accurate predictions over land than over the wide-open sea. 
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History 

Hie finire-etenrenf method originated from the need for sohdag complex elasticity and structural analysis 
problem.- in cr.il and aeionootkal engineetmg. In development can be tested tack so -be woik by Alexander 
Hremi&off (194 1.) and Richard Cesract ( 1-942). While the apprises nsed by these pioneers are dramaricalh? 
different they share one essential characteristic areskdr cretizationofa ^t^uoasdestsiamtos set ef 
discrete std riawxm usually called elements 

Ekeomkoff s work discretizes she domain by using a lattice analogy while Cosrant's approach divides the 'domain 
into finite triangular subregions for solution of second order dUptk partial dsSerestsl equations (FDEs) that 
arise from tfee problenof torsioss.ofs ctfmfar. Cotaasfs ccssjftibijtion wa.s evohiftonmy, dratsfeg on a large 
body of earher results for FDEs developed by Enytegii, Sits, and Gaksfchs. 

Devdopment of the finite element method began in earnest in t he middle fc* late 1 §SDs for amframe and 
sSxuctaSsl analysis and gathered nminenfam at the Xhsiversrty of Stisttgar? duongh the work: of John Argyris and 
at Berkeley toagjr the work of Ray W, Clones in the IS*S8s for u se m. civil engineering. By late 19*50$, : die key 
concepts of stiffness matrix .and element assembly existed essentially in the loins sited today. NASA issued 
resales? for proposal? for the development of the Unite element .software NASTRAN in 1965. The method was 
provided with a rigorous mathematical fotmdarioh in 'I S73 with the publication of Strang and Fix's: A.o Jmtysh 
HmF< 33 k „ * ^htas since been genershzediaf ah ^L-'f-ppne mathematic tvr i 
modeling cd'physical systems mrs wide variety' of engineering disciplines, eg., ekctrsntagnetrmiaad flthd 
dynamics. 

Application 

A variety of j^eciaiizntbas under the umbrella of the rneehameai 
enghieeris z cipltne<:sud as aemnamiea ii i echanieal, and 
automotive industries} cosismonly use integrated FEM in sferigi and 
development of their products. Several modem FEM packages 
include specific- components snch as tliemasL electrcsmpetie. fnsid. 
and itrixnmalworkaigenviromneiits In a structural shsmiatroa, 

FEM helps tremendously in prodsdugstiflkess and strength 
vtsaalrzaaons and also h: mssmmzing weight, materials, and costs. 

FEM aho sts detailed visual zat.cn of where tending* bend os fa i i 
and indicates the distrihntion of stresses and ^placements. FEM 
soft v i e pm ides i wide range of Simula icm options lot centsolhng 
i ic - nnpfes It c* boil inodehng and analysis of a xv stem Sishkrk 
the de red level of ace sine y require i and associated eanpa? aticsaal 
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s #ee 






tins: retgcrircracate cats be managed snuafcaneoosly to adless most engineering implications FEM slows entire 
desists to fee stos-steeted refined ^ef^tobedbefcse^'dto%B£stostoB&c^ steel 

lias powerful design tool has signifcstidy usiproved both Ike standsrdof eiigaieerkig designs and the 
methodology o: + he design process ai nan’ indnstrial apples ic-nsj- Tne introdne ■ icsi o f FEh I Isa s vabstantoiiv 
decreased the time is Jake products, ftem concept is rise prodac&sa gbe.*-^ It is primarily through nsiproved 
radial prototype designs using FEM that testing and developatem have been accelerated la summary, 

benefits of FEM nwkde increased accuracy enhanced design and better insight into critical design pcinmetess. 
virmal prototyping. fe'-vei karcSiitare prototype* a faster and lesj expeasi e design oyde. increased prodtsetivity 



T edmk a! disc iissloa 



We wit! iMstfate. rise iie element method wasgtm saaqde problems Sons winds the general asKfeOd cass.be 
extrapolated. .It is assumed that the redder is familiar with catcstus and linear algebra. 



PI s.s a eae-dirnensiotial problem 

PS 



(as) - /(» in ( 0 . 1 ), 
0) — k(1) — 0, 



iv, 

\u{\ 
ivea am 
rsensbi 

. r«asrfa:.,sr)+ %&(<•* 

— 0 



wlsere/ss ..gives andsi is asnrfasvn Si&etssn of*, and k’ is the second derivative of u with respect Is x 
The two-climenstniisl .-ample problem is the Dnieldet problem 



:(»!»)= /C* 5 &) hi0 : 

oil Ml. 



where <1 is a connected open region in the (v.y) plane whose boundary is "race" ie g. a smooth inanifbM 
or a poiygois}, sad ■■u X x aad debase the second tfcroratroes with respect to X and y, respectively 

The problem PI can be solved *&tec%* fey ceasing atdideirradvesi However, this method of solving She 
botmdaty vatee problem works only when there is only one tpaiidi dimenssoa and. dees not generalise to higher- 
diisieasiona! problems or to prafelesis like u 4- {/” = f For this reason, vae 'wilt devekrp tlse Snife element 
sstefecki fdr Pl and oatkae its gesreraizatioato P2. 

Ota expisasrioa wil proceed its twa- steps, tdSndi asjTor two essential steps otie smut fake to salve a bmiadary 
valve piofelem (BVP) nsisig die FEM. 

■ In the fast step, one rephrases die originsl BW init* seesk, or variational foan. Little to ao contpntatioa 

is reqoked for tins step, Ike transfomation is dose by band on paper. 

■ Toe second swp is the drscreazatiots. v here the sseak form is discretized ii= 3 iinsw diaiaisksnal pace 

Mtu this second step ive concrete Mwfat f>:r a large "ast ftnile disBesisional linear psoMcsa whose 
soksiioti v ill appssjrniia-e'iy solve the original BW Has finite dinsetrstotial problem is ihesi nsqdeinerded on a 
coo^aiter 
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Fists elesrwr£ fic-.i tVikipe&* the free sau cp"i» 

Variational formulation 



S^5?V--4K.««fasesfea ors'wskrFnssW 



step is to convert Pi aad'?2 1st© their vruiskonai eqtavskats,, os Weak fbtmikuiosr Wn solves PI, 
iny smooth Sanction v that satisfies the boundary conditions, i e. v = 0 at x = 0 sad 



<*> f(:z}v(ct) ds « I u ,t (x)v(x}dx,~ 



Conversely if u with u(0) = ?<( I) = 0 satisfies (1) for every smooth function v(x) then one way show -hai 
tins i f will solve PI Use proof is easier for twice ccEtiaacwSfy differeaikble « (mean value theorem}, \mtimy 
he proved sn a distributional sense .as well 

By using intemation by parts on the n^is-kand-side of (1), we obtain 
! Jix)v(x)dx — ^ u"{x)v{x)d£ 

(2) — u?(x) u(a:i "" : ■ j id (a ;) tf lx) dx- 

= J dx = «). 

where we have used the assumption that v(0) = v(l) = 0. 

A proof ou tline of existence and uniqueness of the solution 



We can loosely think of l./tohe the absolutely continuous functions of (£h.l) that are 0 at X — 0 and 

X = I (see Sobolev spaces), Such Sanction are fweakly} 'once differentiable- ’ and it: turns out that the 
symmetric bilinear msp & then defines sn inner product winch turns 1 ) site a Haber: space fa detailed 

proof is nontrivial.) On the other hand, the iefi-hand-ssde jf f(x)v{x)dx » also an inner product, this tisae 
on the Lp space L “(0, 1). An application of the Fdesz representation theorem for Hilbert spaces shows that 
there is a iscique U solving (2) and tlierefore PI. Huh solution is a-priori only a member of 1). hot using 

elliptic regularity. will he smooth if /is 

The variational form of P2 



? grate by parts using a form of Green's identities, we see that if u solves ?2, then for any v. 
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Fbxfe elerueto iBKhcsi - ttildpehs. to; See «scyctope£a hS;>' en ’.vifajiedia »vg^b: Fiis^_ej*iasT3^nieSi5:: 

J Jvds = - jf Vu • Vvd# - -*(«,*), 

he: e dene e\ tl s g: Filer at t Jene es the Jo product toe T v o lensitmat pkt .e Once n _ie<> can w 
tonted into as toner erotics os a suitable space Hi ( Q) sconce difieresasabie" itoctksns of Q tl»ai are zero 
0S $Q Wehat'e ah^. leaned that f Q) ^eSobcser -paces}. Ex* oeace at a nsn, tere*-< -f'toe 

so&aaa can also fee te. 



Dtso’etizatioa 



Hie basic idea is to replace the tofinste dtoisensioaal leear problem; 
Find u g jy^-such that 

Vv € Hq * “<H,i F *§ — j Jv 

with a finite dasensksial rmk& 

(5) Ftod-y £ Y wdi that 
Vw € V, ~<p(urV) — I Jv 




V* v i v a *a N V' 



A toacis-sjs to if 1 ®. wsto ks-o 
raises at tha es%x>stos (Itose). 
ssto a wsseisvise Saw sr 






'sadsere F t» a finite thipensksial snhsgace of }{k There are stasry possible 

choices feu: V (one possibility leads to the spectral siefhod}. H 'soever., far the finite element osethsd Sake V 
to be s space of piecewise linear fcsefions. 



For problem PI. we take the interval (0,1), choose n va&esofxwitkO = x$ < xt < ... <• x ft < x n - i = 1 
and we define Fby 



V = f v : fp, l]i ->l : tns eontiimoiis, ^ is linear for 

■k — 0, .... n, and «((?) — v(l) — 0} 

where we define xg = 0 2 ad.a>f 4-1=1. Observe that fttocikstts in Fate ssot dififerenttoble according to the 
elementary definition of caksiksc Indeed ifp g V then ^ derivative is topically not defined at atiy.v = :% 
k — 1 However, the derivative exists at every other vakte ofx and one can vise this derr/stive for the 
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Fists element asibod V.ifc -j: -v' cpedss 






enwrbpedrs ovg^?£!:Hi^js«iKT3^a>e8: 



For problem P3, -ve need Vxo be a set of functions of Q la the figure cm the 
right -ve Iinve sUnt-irated 3 triangu htton of 3 L i srdsd polygonal re gion Q is 
the plane {below), and a piecewise linear function (above, is color) of thrs 
polygon which h listeaf on each tsiangle of the trjsngUlatioa; the space Pwotdd 
consist ofturietions that ace linear on each triangle of the chosen rilaagnla-ioa 




One often reads f% instead of ¥m the literature Ihe reason is that one hopes 
that as the underlying triangular grid becomes finer and fj&a. She sn&rion of 
the ddctete|irohkm{3) vriS m some sense converge to she soktthsss ofthe 
original femrdary vals*e : problem P2. The triangihatios is then indexed by a seal 
valued parameter it > 0 wind: one takes so be --ere ms 2 Ihb parameter stall 
be cetera *0 toe urc of the larges? or average triangle is rise triasgEtlstion As u e 



I-*-* dsiaendssi*" 
refine the btangsdation. the 



space of piecewise lit sear fhnctrosrs V most also change with h , hence the notation 1 % . Since we do as* perforin 
such ass analysis, we will not as* this notation. 



Choosing a basis 



To complete fits discretisation, tie angf select a basis sf-Fi ha the 
bne^Sinssisional ca.se. for each control point x& we .wfll choose she piecewise 
linear ftmerion t is F whose swine & 1 at x^a&lseiroaf every otj, j f= k 



■tfc(r) = I ^"4 if x € [at*- JTft+tj 
1 1) otherwise. 

fat /: = 1 . . b tins basis is a shifted and scaled 'em function For she nvo-dkaeasiossal case we choose again 
one basis fraction per vertex X£ of the triangularis. of the planar region £2. Ihe fhrsefen is the unique 

riutefion at V rh„ se t a’ 'e is- 1 at a yand zero at e^ wrv x ? j ■*£ h 

Depending on the author. the word "’element” in'Tinite element method" refers either so the triangles in the 
domain, the piecewise linear basis function, or both, So for instance, art author sitefested at curved .domains 
Bright replace the triangles with curved primitives, and se mij&l describe the elements asbettsg arsaisaear. Chi 
the other hand, some authors reggae* “pieceu-ise linear 1 ' hy “piecewise quadratic." or eves "piecewise 
polynomial" .. Hie author aright then say "higher order eleasenf instead of "higher degree pmsmsuriar Finite 
element method is not restricted to triangles (or tetrshedra in 3-d, or hitter order shs^fteses in sujftidiniesrioaal 
spaces), but can be defmed on quadrilateral subdonuiiris fliexahedra, prisms, or pyrartMs isi 3-d, and so on) 
Higher order shapes {curvilinear eknrents) can be defined with polysomia! and even non-poh'nonual shapes 
{e . 2 . ellipse or circle) . 



A AAA 
Mi 

■ / v n a. , 



j V s 7 ¥ a N V 

i Basis feachsis s* (hhie) and a 
linear conshhudon of them 
i siidi is piecewise Sissy (red). 



Errancies of methods that use higher degree piece verse polynomial basis functions ate the hp-FEM aad spectral 
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More advanced ssi^kniesitadoiis {adaptive Brie efciiiesE irsedsods) mihze 3 niediod sc- assess the qisaii; 
remits (based osi error estasiation theory) sad modify die mesh during die soksea aisnra g to achieve 
agproxtimte sohstsoa rrtdsiss some bounds from the exact -ca not c* the coatarauoi problem Mesh act 
sssYUtihze various tedaiiqises, die snost popular are: 

■ lefffiiiig lus oareSt us- ekaenti >!i-?oaptr s’v j 

■ changing order of bare msctiosis (p-adaptivitj') 

■ coEHbmaaosis of the above Chp-adsptsvity) 




iaptivity 



Small support of die basis 
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Fbxfe eteawis - hildpeh?. hr See escyckpe£a hS;>' en ’.vifajiedia »vg^b: Fiis^_ei«asT3_nieSi5:: 

support. So we now have k> soh* 3 linear system in the ssnknownu where most of the entries of the matrix L. 
which we need to invert, are zero. 

Sisch matrices are known as sparse matrices atid there ate efficient solvers for such pr&tetm /much more 
efficient than actually ssverimg the rasttBE.} & addition, L is symmetric and positive defssiie, so a technique 
such as the conjugate gradient method is favored. Far problems that are mt too large, sparse LU decompositions 
and Chokdty deeompositkais still work well For instance. Matisb’s backslash operator (which uses sparse LU. 
sparse Cholesky, and other factorization methods) can be sufficient for meshes with a hundred thousand 
vest sees. 

The matrix L is usually referred to as the stiffness matrix, while the wxtii&Mii dubbed the mass matrix. 

General form of the finite element method 

In puetal the finite element method s characterized by the foMsviingpsocess, 

■ One chooses a grid fot O. la the preceding treatment, the grid consisted of triangles, but one can also use 
squares or cmvihsear |xshcgpsis. 

■ Ti en one chooses basis fractions In obs discussion we used piecewise linear basis Sections mtitis 
also conation to me piecewise polynomial basis functions. 

A separate consideration is flat ssnsotlmess of the basis functions. For second order elliptic beatodaiy value 
problems, piecewise psh^ionhal basis function that are merely continuous suffice (ie., the derivatives are 
discontinuous ) For higher order pastbl differential equations one muss rue smoother basis Sections Fot 
instance, for a fourth order problem such as U^xxx + &\vn' ~ f> ^ me F*ce®*?* quadratic basis 
functions that are C\: 

Another con-ndeiatioti is the relation of the finite dimensional space V to ns infinite dimensional counterpart m 
the e>:.3® spies: above "Hq . A comornisngeSensent method is one in nhich the space. F.is a sisbspace of the 
element space for the oontisumis problem. The example above Is such a method. If this condition is not 
sa tisfied, see obtain a nosconfosming element method, an example of which is the space of piecewise linear 
functions: over the mesh which are continuous at each ed§e Since these functions are in general 

cfeoniiasioos along the edges:, this finite ditnensionaispace is rmt a . subspace of the osiginal ff* 

Typically, one: fm an algorithm for taking a pveri mesh and stabdishding it. If the main method for increasing 
precision is so stibdivdde the mesh, one has an A-medsod (e Is aistomarih,' the diameter of the largest element in 
the nsesh.) hi this manner, if one shows that the error with a grid It is bounded above by CJf , for sense 
(1 <• 'qo m&p > 0. then one has an order p method. Under certain hypotheses (far instance, if the domain is 
o' >eO - pv,e^ j epc_" ataial 't of me sod 1 here n esxor of order )? = d + 

If instead of making h smaller, one increases the degree of the polynomials used in hie basis fmehos. one has a 
* a It ambrnes these two refiner ttype e 'lm rethoc FE\ h T >FEh 
the polynomial degrees can vary ficsu element to element. High order methods with lar ge uniform p am called 
spectral firise element methods- (SEEM) These are not to lie confused with spectral methods 
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Fas vector partial differe&tisieqaatim;*, tire basis hmciiori* usytalmoakesln M"- 

Comparison to the finite difference method 

■The fsMfeiWeresicen-se5&3dCFD&i) is asi afcesBsaSw.^ of approxsrrating soknioswof PDFs. Use differences 
bet^ern: FEM and EDM are: 

■ Tne nvssr attractive feature of ?he FEM is its abdity to handle eorsp&aied geometries (and bojm&ades} 
with relative esse. WMe FDM in its bask form is restricted to handle metangufer shapes sad simple 
aitera&JBS thereof the handling of geometries its FEM is dseoreiically straightforward. 

■ The most .1 to scare feature of feme differences is that it can be 'eery emv to implement. 

■ There. are .several ways one could consider the FDM a ^x<c»l case of the FEM approach. One m&t 
choose basis fenctsom as either- piece, wise comtant ftawtions or Dirac delta functions: In both approaches. 
Hie qpgsasos&fkm sis defined on the ensue domsLwhut. need act be: contimious. .^teraniisfely, one might 
define the feac Sion on 3 discrete dornafe, with the result that the continuous differential operator so 
langer stakes sense, however this approach is not FEM. 

■ There are reasons to consider the mathematical tmmdation of the mate element approximation mere 
sound for instance because the quality of tlte appmshasstien befn^een grid points is poor inFDM 

■ The quality of a FEM approximation is often higher than in the corresponding FDM .approach, feat Shis is 
extrerneb. problem dependent and set eral examples to the contrary can be pr ovided 

Geaer.-ih.-. FEM is the method of choice in all types of armfesis in structural mechanics t'r.e solving for 
&&mat3a& and tresses n solid bodies or dysstsiies of structure s • w bile compafetioimliMd dyaasaks (CFTi 
tends to use FDM or other methods like Suite volume method (FVM). CFB problems usually require 
discretization of the problem into a large number of cells sridpoints (millions and more), feerdhre oast of the 
3& onf" .'Nsaip'ler 3o et orderappro: hnaiios ~ r am e tdicell Diis is especial ft e for ex.ea Sc ’ 
grobfet®. like sir Sow around the car or airplane, or weather simulation is a large area. 



Various types of finite element methods 

Generalized Unite element method 

Die Generalized Finite E lement Method (FEM) uses local graces consisting of ftmeftons, not necessarily 
poharoarials. that reflect she available iafosstation m the mrkaouis sohstibn and thus ensure good tool 
approximation, Dies a partition of mfey is -wed to “bond" the.se spaces together to form the approxiattttirsg 
subspace. The effectiveness of GFEM Isas been shows when applied to problems with dema ins having 
eompkeated bonndaries, problems with mfcrs-scafcs, and problems svith boaadasy layers.^ 

hp-FEM 

The hp-FEM combines adaptively elements with v arable size k Mdpofynmjnal degree n ei order ioaehiei e 
exceptionally fast, exporfential convergence rates' 



XFEM 
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Spectral methods 



Mes&free methods 



Dkecmtmoosis Galeikia methods 

Mst?s artiste: DSscmilmtfm Gaterkin 

See also 

■ Direct stillness method 

■ BotJJidsry skmad msfisod 

■ Discrete eteraesit saethod 

■ Fasite efcaicn? nsdii&e 

■ Fkate efcsseai method i» stfoehisal tae.dhaat& 

■ Ga&rfaamefeod 
> Mahipaysks 

■ ?aich test 

■ Bayfeigh-Pitz sseihod 

■ list e£&dte'ektaaa'$c^«e packages 

■ design ophtaizatsoa 
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